Repeatability and number of growing seasons for the selection of custard apple progenies ABSTRACT -This study aimed to estimate the repeatability coefficient and determine the minimum number of samples required for effective selection for yield of custard apple. Twenty progenies were evaluated in randomized blocks, five replications and four plants per plot. The fruits were collected, counted and weighed every two days of the year. Estimates of the repeatability coefficients were obtained by the methods of analysis of variance -ANOVA and principal components -PC. The estimates from the repeatability analysis of biennial data are higher than those based on individual years. The estimates of the PC method were accurate even in the first harvest, unlike ANOVA. Four biennia were sufficient to ensure effective progeny selection of custard apple.
INTRODUCTION
In the breeding of perennial species the coefficient of repeatability is an important parameter because it allows effective early selection of superior plants and/or progenies (Dias and Kageyama 1998) . The analysis of repeatability describes the correlation between successive measurements of a trait and can serve as a basis for the estimation of the likelihood that the initial superiority or inferiority of a genotype will remain over time and/or space.
When a trait of the same plant is measured ç times, the mean of these ç observations is an unbiased estimator of the genotypic value for this trait (Falconer 1989 ). The reason is that the phenotypic variance can be split into two components. One is the temporal variation, reflecting differences between successive measurements of each plant and has a purely environmental origin. The other is partly due to environmental, partly to genotypic variation and is useful to describe differences between plants.
The environmental conditions under which plants are grown, the trait nature and genetic properties of a population are factors that affect the estimate of repeatability. According to Cruz et al. (2004) , repeatability corresponds to the maximum possible value of the broadsense heritability. Consequently, when the variance caused by the permanent environmental effects is minimized, repeatability approaches the heritability estimate. Thus, the repeatability coefficient provides information about the heritability of a trait. Another advantage is that high repeatability values indicate the possibility of predicting the real individual value with a relatively small number of measurements (Cornacchia et al. 1995) . Therefore,
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knowledge of the repeatability coefficient allows an efficient use of resources and time in the evaluation phase.
Several studies on repeatability are found in the literature for a variety of perennials such as coffee (Fonseca et al 2004) , Barbados cherry (Lopes et al 2001) , cocoa (Dias and Kageyama 1998, Carvalho et al 2002) , peach (Albuquerque et al 2004) and grape (Souza Leão and Costa 2003) . For the widely appreciated custard apple (Annonas quamosa L.), grown in many regions of Brazil, studies related to genetics and breeding of this species are rare or nonexistent (Silva et al 2007) .
The objectives of this study were to estimate and compare repeatability coefficients and determine the minimum number of growing seasons required for an effective selection for custard apple yield.
MATERIAL AND METHODS

Plant material and experimental development
The experiment was conducted on the experimental farm Rafael Fernandes (lat 5° 11' S, long 37° 20' W and alt 18 m asl) of the Universidade Federal Rural do Semi Árido (UFERSA). Twenty custard apple progenies were selected for vigor in orchard nurseries of small fruit growers in the municipalities of Aracati-CE, Mossoró-RN and Serra do Mel-RN. The seedlings were planted in October 2000, in 60 × 60 cm × 60 cm pits, at a spacing of 5.0 m x 4.5 m. The cultural practices were performed according to the recommendations for the crop to ensure good health and adequate nutritional status of the plants and microsprinkler irrigation applied whenever necessary.
The progenies were evaluated in randomized blocks, five replications and four plants per plot. Since the traits were evaluated over a long period, the plots were subdivided; the progenies were evaluated at the plot and the growing seasons at the subplot level. The fruits were harvested per plant every two days during the entire fruiting period, and later counted and weighed. This procedure was applied in all six growing seasons.
Statistical-genetic analysis
The estimates of the repeatability coefficients were obtained by the methods of analysis of variance -ANOVA and principal components -PC. Two sources of variation (progenies and season) were used in the statistical model: Y ij = µ + g i + a j + ε ij , where Y ij = observation referring to the i th plant in the j th measurement (growing season); µ = general mean, g i = effect of the i th plant under permanent environmental influence of (i = 1, 2, ..., 20 progenies), a j = effect of the j th replication (j = 1, 2, .. ., 5) and ε ij = experimental error associated with observation Y ij .
The repeatability coefficient by the method of analysis of variance was estimated as:
where the genetic variance among progenies was given by , and the residual variance by where QMP and QMR are the mean squares associated with the progeny effect and random variation, respectively, and η the number of evaluation periods.
To estimate the repeatability coefficient by the technique of principal components, a correlation matrix between genotypes was determined for each pair of measurements (or trial period), given by:.
Subsequently, the eigenvalues and associated normalized eigenvectors were determined. Of these, the eigenvectors whose elements have the same sign and magnitude are close to those that express the trend of genotypes to maintain the position in relation to others over the years. The proportion of the eigenvalue associated with this eigenvector is the estimate of the repeatability coefficient, given by:
where: ˆk λ is the eigenvalue associated with eigenvector whose elements have the same sign and similar magnitudes.
To obtain the coefficient of determination (R 2 ) and the number of measurements needed to predict the genotypic value of the progeny (η 0 ) as related to the desired accuracy, the following expressions were used:
All tests were performed using the statistical program SAS 9.1 (SAS Institute 2003).
σ 2 e = QMR, . and vary in intensity and between genotypes, so the analysis of variance used to estimate the usual repeatability coefficient may fail to eliminate this additional component of experimental error which would lead to an underestimation of repeatability. However, the principal component method takes the cyclical behavior of a trait into account and makes the estimated repeatability coefficient more effective. Therefore, this method can obtain reliable estimates of genotypes in the first growing seasons for the selection of superior plants, resulting in cost and time savings. The biennial analysis proved suitable for crops with a clear biennial effect. Thus, as this applies for custard apple, the estimates of the coefficients of repeatability and of determination (R 2 ), as well as the number of measurements required for each R 2 were studied using ANOVA and PC considering the biennial fruit yield (Tables  3 and 4 ).
The repeatability estimates obtained by this method were higher than those based on annual data measurements, in which, considering the second and third biennium using ANOVA (Table 3) , the repeatability estimate was 0.78 and R 2 above 90%. Another interesting result is that by the PC, reliability (> 90%) was achieved with only two measurements (Table 4 ). These results reinforce the idea that the grouping of growing seasons helps to
RESULTS AND DISCUSSION
The results obtained by ANOVA, based on annual harvests, showed that in most situations the estimates of the repeatability coefficients were lower when the first growing season was taken into consideration (Table 1) . These values were expected, since not all plants had begun production in the first growing season, probably due to genetic effects. Similar results were observed for coffee, where the repeatability estimates based on annual data increased when the first growing season was excluded (Bonomo et al 2004) .
The repeatability coefficients were higher when estimated by PC than by ANOVA, even when including the first growing season (Table 2) . It may be noted that, based only on the yield data of the first and second growing season, the repeatability coefficient by ANOVA was 0.27 and 0.65 by PC. Thus, by the PC technique just one measurement is enough to reach a coefficient of determination of 80%, which would ensure an effective and early selection for fruit yield of superior custard apple progenies. Cornacchia et al. (1995) reported similar results for pine and Lopes et al (2001) for Barbados cherry.
In perennial species such as custard apple with an oscillating production mode, with high yield and flowering in one year and a decline in the following, the effect can decrease the biennial effects in custard apple and that PC increases the magnitude and accuracy of repeatability estimates.
The coefficient of determination expresses the accuracy in predicting the actual plant value and the repeatability coefficient represents the consistency of genotypic superiority in successive measurements of the same plant. Thus, the reliability in the selection of the best custard apple progenies, based on the phenotypic value, may be higher depending on the biennia to be considered, since the accuracy was improved in the analysis of the second with the third, by ANOVA as well as PC.
In Robusta coffee, Fonseca et al. (2004) found that four crops are sufficient for an effective selection of Table 2 . Estimates of the coefficients of repeatability (r ) and of determination (R 2 ) and of the number of measurements ( o η ), by the method of principal components for fruit yield data of 20 custard apple progenies Table 3 . Estimates of the coefficients of repeatability (r ) and of determination (R 2 ) and of the number of measurements ( o η ), by the method of analysis of variance for fruit yield data of 20 custard apple progenies grouped in biennia Table 4 . Estimates of the coefficients of repeatability (r ) and of determination (R 2 ) and of the number of measurements ( o η ), by the method of principal components for fruit yield data of 20 custard apple progenies grouped in biennia superior plants. The results were extrapolated to six crops, leading to a small gain in accuracy of individual real value, indicating that the sixth harvest did not contribute significantly to increase accuracy. Consequently, a higher number of measurements is not linearly related to an increased accuracy of the actual plant value, and it would take a great number of samples to make the accuracy increase significant. In this study the second and third biennium were considered, and it was observed that a level of 95 % reliability can be achieved by approximately five measurements, while 23 measurements would be required for 99%, which would be impractical from the standpoint of genetic improvement. The time and cost invested in relation to the desired accuracy should therefore be taken into consideration.
The results show that the estimates resulting from analysis of repeatability based on biennial data are higher than those with individual years, and that four biennia are sufficient for an effective selection of custard apple progenies. Moreover, the estimates of PC analysis are accurate even in the first growing season, unlike ANOVA.
Repetibilidade e número de colheitas para a seleção de progênies de pinheiras
RESUMO -Este trabalho teve como objetivos estimar o coeficiente de repetibilidade e determinar o número mínimo de colheitas necessárias para a seleção acurada para produtividade de frutos em pinheira. Foram avaliadas 20 progênies no delineamento em blocos ao acaso com cinco repetições, com quatro plantas por parcela. Os frutos foram colhidos, contados e pesados a cada dois dias durante o ano inteiro. As estimativas dos coeficientes de repetibilidade foram obtidas pelos métodos da análise de variância -ANAVA e de componentes principais -CP. A análise de repetibilidade com dados acumulados em biênios apresentou estimativas superiores às obtidas utilizando anos individuais. O método CP gerou estimativas acuradas mesmo nas primeiras colheitas, diferentemente do método da ANAVA. Quatro biênios foram suficientes para a seleção acurada de progênies de pinheira.
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